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DISPLAY PANEL DRIVING DEVICE 
B &CKSBQIfflP. QE TH B ttjvkhtion 
3 Fi aid of thft inven tion 

The present invention generally relates to a display 
panel driving device. 

p .Pf ^rTT-ip tlnn n£ thfi Feinted Art 

One type of display panels is an active matrix type 
display panel that includes a plurality of address electrodes 
and a plurality of data electrodes. The address electrodes 
and data electrodes intersect with each other perpendicularly 
such that a plurality of display elements are sandwiched 
(defined) between the address electrodes and data electrodes. 
Organic electroluminescence (hereafter simply referred to as 
"organic EL") light-emitting elements are used as the display 
elements. Such display panel is disclosed in, for example, 
Japanese Patent Application No. 2002-93856. The entire 
disclosure of Japanese Patent Application No. 2002-93856 is 
incorporated herein by reference. The structure of this 
display panel is schematically shown in Fig. 1 of the attached 
drawings . 

In Fig. 1, a display panel 10 includes a plurality of 
display elements arranged in a matrix form. The display 
elements include TFT elements and organic EL light -emitting 
elements. According to the VGA (Video Graphics Adapter) 
standard which is an international standard for display panels, 
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the display elements of the display panel 10 are arranged in, 
for example, 640 (x RGB) columns by 480 rows of dots. 

The X transfer circuit 20 which is a peripheral circuit 
of the display panel 10 supplies image data signals (referred 
to as "data signals") to each of the display element groups 
arranged in the 640 (x RGB) columns. That is, 640 parallel 
data electrodes extend from the X transfer circuit 20, for 
each of the RGB display elements, in the X-axis direction of 
the display panel 10. 

The Y transfer circuit 30 selects, with prescribed timing, 
one of the display element groups in the 480 rows, and 
supplies an address signal, which is a selection signal, to 
the selected row of display elements (selected display element 
group). The 480 parallel address electrodes extend from the Y 
transfer circuit 30 in the Y-axis direction of the display 
panel 10. 

Hereafter, in this specification the X transfer circuit 
20 and Y transfer circuit 30 which are peripheral circuits of 
the display panel 10 are jointly referred to as the driving 
device of the display panel 10. 

Conventionally, the driving device mainly includes shift 
registers and other active circuits. For example, the X 
transfer circuit 20 uses a 6 40- stage shift register to 
sequentially shift X transfer pulses contained in the X 
transfer signal shown in Fig. 1. and relies upon the shifted 
pulses to sample-hold analog signals for the RGB display 
elements so as to generate the above-mentioned data signals. 
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The Y transfer circuit 30 uses a 480-stage shift register to 
sequentially shift the Y transfer pulses contained in the Y 
transfer signal shown in Fig. 1, to generate the above- 
mentioned address signals. 

In order to configure a sequential logic circuit such as 
a shift register and a sample-hold circuit, transistors with 
both polarities, P-channel and N-channel, are required. 
Consequently, amorphous silicon and organic semiconductors, 
from which only unipolar transistors and diodes can be 
fabricated, cannot be used as the semiconductor material for 
the driving device of the display panel 10. Therefore, low- 
temperature polysilicon semiconductor material, which is 
costly and involves complicated production processes, is 
primarily used. 
SUMMARY THK INVENTION 

The above-described problems are examples of the problems 
to be solved by the present invention. 

According to one aspect of the present invention, there 
is provided an improved driving device for a display panel. 
The display panel includes a plurality of address electrodes, 
a plurality of data electrodes, a plurality of display 
elements and a first substrate such that the address 
electrodes and data electrodes intersect each other on the 
first substrate. The display elements are defined between the 
address electrodes and data electrodes. The driving device 
includes a second substrate, a plurality of control lines for 
address signal generation, an insulating film, a channel 
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material film in contact with the insulating film, and a 
plurality of extension lines. The control lines extend in 
parallel to each other. The extension lines extend to the 
address electrodes, respectively. It should be noted that it 
can he said the extension lines extend from the address 
electrodes because the extension lines are called "address 
electrode extension lines." At least the insulating film is 
enclosed between the extension lines and the control lines on 
the second substrate. The extension lines intersect with the 
control lines to form a plurality of intersecting portions. 
Each extension line has at least one disconnected portion at 
the intersecting portions. 

According to a second aspect of the present invention, 
there is provided another improved driving device for a 
display panel. The display panel includes a plurality of 
address electrodes, a plurality of data electrodes, a 
plurality of display elements and a first substrate. The 
address electrodes and data electrodes intersect each other on 
the first substrate and enclose the display elements between 
the address electrodes and the data electrodes. The driving 
device includes a second substrate, a plurality of control 
lines for address signal generation, provided mutually in 
parallel, an insulating film, a diode functional film, and a 
plurality of extension lines extending to the address 
electrodes, respectively. The insulating film and the diode 
functional film generally extend between the extension lines 
and the control lines on the second substrate. The extension 
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lines intersect with the control lines to form a plurality of 
intersecting portions. The insulating film has at least one 
aperture in at least one of the intersecting portions. 

According to a third aspect of the present invention, 
there is provided another improved driving device for a 
display panel. The display panel includes a plurality of 
address electrodes, a plurality of data electrodes, a 
plurality of display elements and a first substrate. The 
address electrodes and data electrodes intersect each other on 
the first substrate and enclose the display elements between 
the address electrodes and the data electrodes. The driving 
device includes a second substrate, a plurality of control 
lines for data signal generation, and one or more analog 
signal input lines, extending in parallel with the plurality 
of control lines. The driving device also includes a 
plurality of control connection lines, intersecting the 
control lines and analog signal input line(s) to form a 
plurality of intersecting portions. The insulating film and 
diode functional film generally extend between the control 
connection lines and the control lines and analog signal input 
line(s) on the second substrate. A plurality of extension 
lines extend from the data electrodes, respectively. The 
extension lines have overlapping portions which overlap end 
portions of the control connection lines on the second 
substrate to sandwich the insulating film and the diode 
functional film. The insulating film has aperture portions in 
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at least one of the intersecting portions and in the 

overlapping portions. 

FffTfl ? QESC& IElIflM or THK DRAWINGS 

Fig. 1 is a block diagram showing the configuration of an 
active matrix display panel; 

Fig. 2 is a block diagram of a display panel driving 
device of a first embodiment of the present invention; 

Fig. 3 is a time chart indicating the operation of the 
display panel driving device of Fig. 2; 

Fig. 4 is a circuit diagram of an address signal 
generation circuit in the display panel driving device of Fig. 
2; 

Fig. 5 is a code table representing the relationship 
between code groups superposed on data control line groups and 
code addresses, used by the circuit of Fig. 4; 

Fig. 6 illustrates a substrate structure of a first 
example when the circuit of Fig. 4 is mounted on a substrate; 

Fig. 7 is a cross-sectional view along the line 7-7 in 
Fig. 6; 

Fig. 8 illustrates a substrate structure of a second 
example when the circuit of Fig. 4 is mounted on the 
substrate; 

Fig. 9 is a cross-sectional view along the line 9-9 in 
Fig. 8; 

Fig. 10 illustrates a substrate structure of a third 
example when the circuit of Fig. 4 is mounted on the 
substrate; 
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Fig. 11 is a cross-sectional view along the line 11-11 in 
Fig. 10; 

Fig. 12 illustrates a substrate structure according to a 
modified embodiment of the present invention; 

Fig. 13 illustrates a substrate structure according to 
another modified embodiment of the present invention; 

Fig. 14 is a block diagram showing the configuration of 
the display panel driving device of a second embodiment of the 
present invention; 

Fig. 15 is a time chart indicating the operation of the 
display panel driving device of Fig. 14 j 

Fig. 16 is a circuit diagram of an address signal 
generation circuit of the panel display driving device of Fig. 
14; 

Fig. 17 is a code table representing the relationship 
between code groups superposed on data control line groups and 
code addresses, used by the circuit of Fig. 16; 

Fig. 18 illustrates a substrate structure of a first 
example when mounting the circuit of Fig. 16 on a substrate; 

Fig. 19 is a cross-sectional view along the line 19-19 ir 
Fig. 18; 

Fig. 20 is a partial cross sectional view of a substrate 
structure according to a modification made to the substrate 
structure shown in Fig. 18 and Fig. 19; 

Fig. 21 shows a substrate structure of a second example 
when mounting the circuit of Fig. 16 on the substrate; 
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Fig. 22 is a cross -sectional view along the line 22-22 In 
Fig. 21; 

Fig. 23 shows a modified embodiment of the substrate 
structure shown in Fig. 18 and Fig. 19; 

Fig. 24 shows a modified embodiment of the substrate 
structure shown in Fig. 21 and Fig. 22; 

Fig. 25 shows another modified embodiment of the 
substrate structure shown in Fig. 18 and Fig. 19; 

Fig. 26 shows another modified embodiment of the 
substrate structure shown in Fig. 21 and Fig. 22; 

Fig. 27 is a circuit diagram showing another 
configuration of the address signal generation circuit of Fig. 
16; 

Fig. 28 is a block diagram showing the configuration of 
the display panel driving device of a third embodiment of the 
present invention; 

Fig. 29 is a time chart Indicating the operation of the 
display panel driving device of Fig. 28; 

Fig. 30 is a circuit diagram of a data signal generation 
circuit in the display panel driving device of Fig. 28; 

Fig. 31 is a code table representing the relationship 
between code groups superposed on address line groups and code 
addresses, used by the circuit of Fig. 30; 

Fig. 32 illustrates a substrate structure of a first 
example when mounting the circuit of Fig. 30 on a substrate; 

Fig. 33 is a cross-sectional view along the line 33-33 in 
Fig. 32; 
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Fig. 34 is a substrate structure cross -sectional diagram 
showing a modified embodiment of the structure shown in Fig. 
32 and Fig. 33,- 

Fig. 35 is a substrate structure diagram showing a second 
example when mounting the circuit of Fig. 30 on the substrate; 

Fig. 36 is a crosg-sectional view along the line 36-36 in 
Fig. 35; 

Fig. 37 shows a modified embodiment of the substrate 
structure shown in Fig. 32 and Fig. 33; 

Fig. 38 shows a modified embodiment of the substrate 
structure shown in Fig. 35 and Fig. 36; 

Fig. 39 shows another modified embodiment of the 
substrate structure shown in Fig. 32 and Fig. 33; 

Fig. 40 shows another modified embodiment of the 
substrate structure shown in Fig. 35 and Fig. 36; and, 

Fig. 41 is a circuit diagram showing another 
configuration of the data signal generation circuit of Fig. 30 
rtRTATT.ED npsr.PTPTTON OF THK INVENTION 

Elrfil Emboaimsnt 

Referring to Fig. 2, a first embodiment of a display 
panel driving device of the present invention will be 
described. 

As shown in Fig. 2, each of display elements 11 arranged 
in a matrix form on the surface of the display panel 10 
primarily includes a light -emitting element ELI , a data- 
writing transistor Ql, a light-emitting element driving 
transistor Q2, and a storage capacitor CI. Here, the light 
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emission operation in the light -emitting elements 11 will be 
described first. The data-writing transistor Ql is turned on 
by a Y transfer pulse (address signal) superposed on an 
address electrode 13 with prescribed timing. At this time, 
electric charge due to an X transfer pulse (data signal) 
superposed on the data electrode 12 is accumulated in the 
capacitor CI via the transistor Ql. When the capacitor CI has 
accumulated charge, this charge causes the gate potential of 
the driving transistor Q2 to be at a high potential, so that 
the driving transistor Q2 is turned on, and a driving current 
from the power supply at voltage +Vcc is supplied to the 
light -emitting element ELl, causing the light -emitting element 
ELI to emit light. 

Next, the display panel driving device will be described. 
An important aspect of the display panel driving device is the 
substrate structure of the Y transfer circuit 30. Hence, in 
this specification, only the configuration of the Y transfer 
circuit 30 will be described. Lines 13a extending from the Y 
transfer circuit 30 to the display panel 10 are referred to as 
extension lines of the address electrodes 13. 

The Y transfer circuit 30 is an address signal generation 
circuit which generates address signals to select display 
element groups in each row of the display panel 10, in sync 
with the Y transfer clock (approximately 28.8 kHz) supplied 
from the control device (not shown) of the display panel 10. 
The generated address signals are as shown in the time chart 
of Fig. 3. 
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As shown in Fig. 3, the Y transfer circuit 30, which is 
an address signal generation circuit (hereafter, for 
convenience of explanation, the Y transfer circuit 30 is 
called the address signal generation circuit), generates scan 
pulses to sequentially .elect 480 rows of display element 
groups positioned on the display panel 10, during an interval 
of approximately 16.7 ms (1/60 Hz) which is the time of one 
screen (one frame) displayed on the display panel. The 
address signal generation circuit 30 generates an address 
signal in sync with a Y transfer clock, uses the address 
Signal as the scan pulse and supplies the scan pulse to each 
row of display element groups on the display panel 10. 

Next, the internal configuration of the address signal 
generation circuit 30 is described. As shown in Fig. 2, the 
address signal generation circuit 30 includes a data control 
line group 32 (hereafter simply called "control line group 
32") for address signal generation, an address signal 
generation data supply circuit 31 (hereafter simply called 
"supply circuit 31") to supply address signal generation data 
to the control line group 32, a plurality of combinatorial 
logic circuits 33, and a plurality of address electrodes 13. 
The address signal generation data is superposed on the 
control line group 32. The address signal generation data is 
a code group which serves as the basis for generating the 
address signals. That is. the supply circuit 31 counts Y 
transfer clock pulses using, for example, a 480-ary binary 
counter, and generates pulse signals for each of the 2° to 2* 
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digits, as well as inverted pulse signals for each of these 
digits. These pulse signals are then arranged In 2n-bit codes, 
which are used as the above-mentioned code group. 

In Fig. 2. 480 rows of display element groups are 
arranged in the Y-axis direction on the display panel 10. 
Hence, the number of bits of binary code required to generate 
row addresses for each of the first row to 480th row is nine 
because the following relation is established: 
512 > 480 > 256 



that is, 

2 9 > 480 > 2 B 



In other words, a binary code of length 9 bits is 
sufficient. 

Hence, the supply circuit 31 can be constructed from a 
480 -ary binary counter which counts Y transfer clock pulses, 
and an inverter circuit (neither shown in the figure). That 
is, in the embodiment of Fig. 2, n is equal to nine, and 
address signal generation data generated by the supply circuit 

31 includes a 9-bit binary code and the inverted code of the 
same. A code with 18 bits (or 2n bits) is supplied to the 
control line group 32. In other words, the control line group 

32 includes 18 control lines, on which are superposed 9 -bit 
binary codes Y8 (MSB) to YO (LSB) , and the inverted codes Y8b 
(MSB) to YOb (LSB) of the same, respectively. 

As described above, in order to count Y transfer clock 
pulses (approximately 28.8 kHz), one count step for the 480- 
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«y binary counter is approximately 34.7 us. which 1. one 
period of the « tranter cloc*. a, shown in Pig. 3. The time 
required for 480 counts or one complete revoiution of the 
count value of the 480-ary binary counter is approximately 

ms (approximately 34.7 p. . 480 steps), which is the time 
sq uivalent to one frame of the display screen. 

The combinatorial logic circuit 33 includes AND gates. OR 
gates, and other logic gate circuits, and is retired on each 
r0 w of the display pahel 10. Hence, in the embodiment shown 
in Fig. 2, 480 combinatorial logic circuits are required, 
corresponding to the 480 address electrodes 13 from row 1 to 
roM 48 0. 9-bit (n-bit, n . ») control lines, from the control 
Xtne group 32. are connected to each of these combinatorial 
10 gic circuits 33. Each of the combinatorial logic circuits 
33 uses the code consisting of these nine bits to output a 
selection signal for the associated address electrode of the 
display panel, that is. an address signal. 

The specific operation and the configuration of the 
combinatorial logic circuits 33 are further described, 
referring to the circuit diagram shown in Fig. 4. 

in order to facilitate the explanation, in Pig. 4 the 
control line group 32 is limited to a binary code of 3 bits (n 
bU8 . B . 3 ). m this case, the number of addresses which can 
bs aecoded from the address signal generation data is given by 
the following equation: 
2 n = 2 3 - 8 
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That i3 8 rows of addresses, from the address M.1 of the 
first row represented by the 3-bit binary code -000". to the 
address AL8 of the eighth row represented by "111", » the 
circuit shown in Fig. 4, for convenience, only two 
combinatorial logic circuits 331 and 332 are shown for the 
addresses Ml and AL2; but similar combinatorial logic 
circuits are provided for each of the addresses »3 to »S. 

in the control line group 32, a 6-bit C2n-bit, n - 3) 
code consisting of the binary codes Y2 (MSB) to YO (LSB, and 
the inverted codes Y2b (MSB) to YOb (UB) are superposed. 
Hence, as shown in Fig. 5. when decoding of address signals 
from row 1 to row B is performed, of the 6-bit codes 
SU perposed cn the control line group 32. three bits are always 
at logic level "1", and the remaining three bits axe always 



"0". 



Referring bacK to Fig. 4. the combinatorial logic circuit 
331 ,or 332) is a logic product circuit. The combinatorial 
logic circuit has three N-channel transistors connected in 
series. A gate terminal of each N-channel transistor is an 
input terminal of the sane N-channel transistor. Therefore, 
only when all of the three input terminals of the 
combinatorial logic circuit are at "1" does the power supply 
voltage Wcc. that is, logic "1". appear at the source-side 
terminal of the source follower resistance R which is the 
output of the combinatorial logic circuit. 

In the circuit shown in Fig. 4, the combinatorial logic 
circuit 331 is the decoding circuit for the first row. that is, 
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for the address 1L1. and the combinatorial logic circuit 332 
is the decoding circuit for the second row. that is, for the 
address AL2. The three control lines Y2b, Ylb. YOb from among 
the control line group 32 are connected to the gate terminals 
of the N-channel transistors Qll to Q13 of the combinatorial 
logic circuit 331, respectively. Similarly, the three lines 
Y2b, Ylb, YOb from among the control line group 32 are 
connected to the gate terminals of the combinatorial logic 
circuit 332, respectively. 

AS is clear from the relationship between the code group 
and decoding addresses shown in Fig. 5. when the decoding is 
performed for the address ALl, the logic levels of the three 
bits of Y2b, Ylb and YOb are "1", and when the decoding is 
performed for the address AL2, the logic levels of the three 
bits Y2b, Ylb and YO are "1". That is, during the decoding at 
each of the addresses, pulses with logic level "1" are output 
as address signals from the associated combinatorial logic 
circuit , 

in other words, according to this embodiment, an address 
signal generation circuit can be provided in a display panel 
driving device by using combinatorial logic circuits which can 
be configured from unipolar transistors alone, without using 
sequential logic circuits such as shift registers. 
Consequently, amorphous silicon, organic semiconductors, and 
other semiconductor materials with low cost and enabling easy 
manufacture can be used as the constituent material of the 
display panel driving device. 
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The substrate structure of the circuit of Fig. 4 Is shown 
in Fig. 6. and a cross-sectional view along the line 7-7 in 
Fig. 6 is shown in Fig. 7. 

In Fig. 6 and Fig. 7, the address generation circuit 
shown in Fig. 4 is forced on the substrate 40. The electrical 
circuit forced with the substrate structure of Fig. 6 1= 
equivalent to the circuit shown in Fig. 4, but the power 
supply + vcc and source follower resistance ■ in Fig. 4 are 
fitted for convenience of explanation. It should be noted 
that there is no need for the substrate and associated parts 
shown in Fig. 6 to be independent fro* other parts of the 
display panel 10, for example, they may be formed together 
with the display elements of the display panel on a 
transparent substrate, made from a polymer meteriel cr the 
glass, of the display panel 10. 

t i n„ a nan-em 41 for address signal 
The data control line pattern »j- 

generation (hereafter simply celled "the control line pattern 
4i«, physically implements each of the address signal 
generation data control lines In the control line group 32. 
The control line pattern 4! is a wiring pattern formed by 
evaporation deposition of. for example, a copper alloy, 
aluminum alloy, or other conductive material onto the 
substrate 40. «hen the substrate structure shown in Fig. 6 is 
£ ormed together with the display elements on the transparent 
substrate of the display panel, transparent electrodes 
utilising ITO (indium tin oxide, or similar may be employed as 
the control line pattern 41. 
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The insulating film 42 *> * t"» ot ' for 

silicon oxide or silicon nitride, having good insulating 
properties. The insulating film 42 is in oontact with the 
surface of the substrate 40 and covers the control line 
pattern 41. 

The channel material (U. 43 is a thin film of p-type or 
„-type semiconductor material, and is in ccntact with the 
insulating film 42. It should he noted that the material for 
the channel material film 43 may he amorphous silicon, or an 
org anic semiconductor material. Evaporation deposition, 
printing, vapor-phase growth, or varicus other thin film 
fabrication methods may he used to form the insulating fU- 42 
anc channel material fi» 43. That is, the thin flim 
fabrication methods hest suited to the materials to he used as 
the insulating film 42 and as the channel material film 43 may 

be employed. 

The address electrode extension line pattern 44 
hereafter called "the extension line pattern 44") is the 
cementation on the substrate of the extension lines 13a of 
the address electrodes 13 in the circuit of Fig. 4. The 
extension line pattern 44, similar to the control line pattern 
«. is formed by performing evaporation deposition or sailer 
on the channel material film 43 of aluminnm alley or another 
conductive material. The extension line pattern 44 is 
extended, and is connected with the address electrode 13 of 
each row of the display panel 10. 



17 



2G03$10& 38 \mn FUJIPAT TOKYO 8 1-3-3545-2898 



No. 1975 P. 20 



As shown in Fig. 6, the lines of the extension line 
pattern 44 are positioned so as to intersect with the lines of 
the control line pattern 41 perpendicularly. As is clear from 
Fig. 6 and Fig. 7, the extension line pattern 44 is not a 
single continuous wiring pattern, but has disconnected 
portions at prescribed positions where the extension line 
pattern 44 crosses the control line pattern 41. The extension 
line pattern 44 extends above the control line pattern 41. 

Next, the principle of operation of the driving device 
according to this embodiment is described, referring to Fig. 6 
and Fig. 7. 

in this embodiment, the compound film layer of the 
insulating film 42 and channel material film 43 formed on the 
substrate 40 is enclosed between two metal electrodes (i.e., 
the control line pattern 41 and the extension line pattern 44) 
in a MOS structure. Hence, as shown in the cross -sectional 
diagram of Fig. 7, at each of the disconnected points of the 
intersections of the two metal electrodes (at the disconnected 
portions of the extension line pattern 44), a field effect 
transistor due to the MOS structure is formed naturally. 

This may be described as follows, taking as an example 
the transistor Qll shown in the cross -sectional view of Fig. 7- 

in the transistor Qll, the control line pattern 41 (more 
specifically, the address signal generation data control line 
y 2 b) becomes the gate terminal G of the transistor, and the 
two disconnected end portions of the extension line pattern 44 
become the drain terminal D and the source terminal S of the 
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transistor. A channel region In which charge moves is formed 
in the channel material film 43 existing below the address 
electrode disconnected portion between the drain D and scarce 
S. Movement of charge in the channel region is controlled by 
the potential of the gate electrode G via the insulating film 
42. If the semiconductor material used in the channel 
material film 43 ie n-type, an N-channel transistor is formed 
as the transistor Qll, if P-type, a P-channel transistor is 
formed. 

In the extension line pattern 44, the portions in which 
the pattern is connected, ether than the disconnected portions, 
are ordinary wiring patterns. Hence, by means of this wiring 
pattern, the drain of a transistor and the source of an 
adjacent transfer formed ever a disconnected perticn cf the 
extension line pattern 44 are electrically connected to each 
other. That is, all of the transistors formed at the 
disconnected pcrtions cf the extension line pattern 44 are 
connected in series, as shewn in Pig. 7. Far example, en the 
address electrode AL1 of the extension line pattern 44. series 
connections cf the transistors Qll. Oil. 0" •» ° b « insa ' 
with the gate terminals of these three transistors being 
connected tc the central lines i2b. lib. Mb. respectively. 

If n-type semiconductor material is used in the channel 
material film 13. then the electrical circuit formed cn the 
address electrcde IU in the exteneicn line pattern 44 is a 
circuit with series-connected N-ohannel transistors Qll. QW. 
Q13. The series-connected circuit of these N-channel 
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translators is the logic product circuit of the combinatorial 
logic circuit 331 shown in Fig. 4. 

». described above, in this embodiment the MOS structure 
itself which is formed from the control line pattern 41. the 
extension line pattern 44. and the compound film layer between 
these two line patterns 4! and 44 is provided with the 
functions of a combinatorial logic circuit. Consonantly, 
there is no need to provide combinatorial logic circuits on 
the substrate 40. nor is there a need to provide through-holes 
to connect the combinatorial logic circuits with the control 
line pattern 41. Thus, the substrate structure of the display 
driving device can be simplified and made compact. 

The present invention is not limited to the above- 
described embodiment. For example, the following 
modifications can be made. A first modified embodiment of a 
display panel driving device is described below with reference 

to Fig. 8 and Fig. 9. 

The substrate structure of the display panel driving 
device of the first modified embodiment is shown in Fig, 8. 
The cross-sectional view along the line 9-9 in Fig. 8 appears 
in Fig. 9. 

As is clear from Fig. 8, the channel material film 43' in 
this modification is different from the channel material film 
43 in the above described embodiment (Fig. 6). Although the 
channel material film 43 is provided on top of the entire 
region of the insulating film 42 in the above-described 
embodiment, the channel material film 43' is separated 
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(divided) for each of the address electrodes along each line 
of the extension lin pattern 44. This is the only difference 
between this modification and the above -described embodiment, 
and so an explanation of the structure and operation of the 
driving device according to this modification is omitted. 

separation of the channel material film 43' may be 
performed by, for example, selective application in the 
process of formation of the channel material film 43 ', or, 
partition walls of silicon oxide or similar may be provided on 
the insulating film 42 to separate the channel material film 
43' . 

in the modification of Fig. 8, the lines of the extension 
line pattern 44 are separated from each other, so that 
interference between the address electrodes can be completely 
prevented. Also, the area of fabrication of the channel 
material film 43' can be reduced, thus also contributing to 
reducing manufacturing costs. 

Next, a second modification is described with reference 

to Fig. 10 and Fig- 11. 

The structure of the substrate of the display panel 
driving device of the second modification is shown in Fig. 10. 
Fig. 11 shows a cross -sectional view along the line 11.11 in 
Fig. 10. 

As is clear from Fig. 10 and Fig. U, a characteristic of 
the second modification is individual provision of the channel 
material film 43" only on the transistor element formation 
portion of the extension line pattern 44. If the second 
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modification is compared with the first modification (Fig. 8), 
the area of the channel material film formed along each line 
of the extension line pattern 44 in the first modification is 
reduced in the second modification. The channel material film 
43" is provided only in the disconnected portions of the 
extension line pattern 44 in the second modification. The 
difference of this second modification with the above- 
described embodiment and the first modification lies in this 
point only, and so an explanation of the structure and 
operation of the driving device according to the second 
modification is omitted. 

in the second modification, the transistors formed along 
each address electrode are separated from each other, so that 
interference between the transistor elements can be completely 
eliminated. Further, locations of the channel material film 
43" are limited to portions at which transistor elements are 
formed, so that manufacturing costs can be further reduced. 

The display panel driving device of the present invention 
is not limited to the embodiment and modifications described 
above . 

For example, in the embodiment and modifications of Fig. 
1 through Fig. 11. the extension line pattern 44 extends on 
the channel material film 43; but as shown in Fig. 12, the 
extension line pattern 44 may be provided on only the 
insulating film 42 such that the extension line pattern 44 may 
be submerged (embedded) below the channel material film 43. 
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Also, in the embodiment and modifications of Fig. 1 
through Fig. 11. the control line pattern 41 is provided on 
the substrate 40, the compound film layer (42, 43) is formed 
over the control line pattern 41, and the extension line 
pattern 44 is formed on the compound film layer; however, this 
structure may be inverted as shown in Fig. 13. Specifically, 
the extension line pattern 44 may be formed on the substrate 
40. the channel material film 43 may extend over the extension 
line pattern 44, the insulating film 42 may extend over the 
channel material film 43, and the control line pattern 41 may 
be formed on the insulating film 42. In the case of this 
structure also, any of the channel material film 43 (Fig. 6), 
43' (Fig. 8) or 43" (Fig. 10) may be employed. 

By de Morgan's theorem, it is known that a logic product 
based on positive logic is equal to a logic sum based on 
negative logic. Hence, if the operation of the address 
generation circuit of the present invention is established as 
negative logic, and p-type semiconductor material is used as 
the channel material film 43, then a substrate structure for a 
display panel driving device which employs logic sum circuits 
using P- channel transistors can be provided. 

As has been described in detail above, amorphous silicon 
material or organic semiconductor material can be used for the 
display panel driving device, and the substrate structure can 
be simplified. Consequently it is possible to decrease the 
size and reduce the costs of the display panel driving device. 
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Fig. 14 shows a second embodiment of a display panel 
driving device of the present invention. Similar reference 
numerals are used to designate similar elements in the first 
and second embodiments. 

As shown in Fig, 14, display elements 111 are arranged in 
matrix form on the surface of the display panel 110. Each of 
the display elements 111 primarily includes a light -emit ting 
element ELI , a data-writing transistor Ql, a light -emitting 
element driving transistor Q2, and a storage capacitor CI. 
Here, the light emission operation in the light -emitting 
element 111 is described as follows. The data-writing 
transistor Ql is turned on by a Y transfer pulse (address 
signal) superposed on an address electrode 113 with prescribed 
timing. At this time, electric charge due to an X transfer 
pulse (data signal) superposed on the data electrode 112 is 
accumulated in the capacitor CI via the data-writing 
transistor Ql. When the capacitor Cl has accumulated charge, 
this charge causes the gate potential of the driving 
transistor Q2 to be at a high potential, so that the driving 
transistor Q2 is turned on, and a driving current from the 
power supply at voltage +Vcc is supplied to the light -emit ting 
element ELI, causing the light -emitting element ELI to emit 
light . 

Next, the display panel driving device is described. An 
important aspect of the display panel driving device is the 
substrate structure of the Y transfer circuit 130. Hence, in 
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this specification, only the configuration of the Y transfer 
circuit 130 will b described. Lines 113a extending to the 
display panel 110 from the Y transfer circuit 130 are referred 
to as extension lines of the address electrodes 113. These 
extension lines U3a connect to the address electrodes 113 of 
the display panel 110, respectively. 

The Y transfer circuit 130 is an address signal 
generation circuit which generates address signals to select 
display element groups in each row of the display panel 110, 
in sync with the Y transfer clock (approximately 28.8 kHz) 
supplied from the control device (not shown) of the display 
panel 110. The generated address signals are shown in the 
time chart of Fig. 15. 

As shown in Fig. 15, the Y transfer circuit 130, which is 
an address signal generation circuit (hereafter, for 
convenience of explanation, the Y transfer circuit 130 is 
called the address signal generation circuit), generates scan 
pulses to sequentially select 480 rows of display element 
groups arranged on the display panel 110, during an interval 
of approximately 16.7 ms (1/60 Hz) which is the time of one 
screen (one frame) displayed on the display panel. The 
address signal generation circuit 130 generates an address 
signal (or the scan pulse) in sync with a Y transfer clock, 
and supplies the address signal to each of the display element 
groups on the rows of the display panel. 

Next, the internal configuration of the address signal 
generation circuit 130 is described. As shown in Fig. 14, the 
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address signal generation circuit 130 includes a data control 
line group 132 (hereafter simply referred to as "control line 
group 132") for address signal generation, an address signal 
generation data supply circuit 131 (hereafter referred to as 
"supply circuit 131") to supply address signal generation data 
to the control line group 132, a plurality of combinatorial 
logic circuits 133, and a plurality of address electrodes 113. 
The address signal generation data is superposed on the 
control line group 132. The address signal generation data is 
a code group, and serves as the basis for generating the 
address signals. That is, the supply circuit 131 counts Y 
transfer clock pulses using, for example, a 480-ary binary 
counter, and generates pulse signals for each of the 2° to 2 & 
digits, as well as inverted pulse signals for each of these 
digits. These pulse signals are then arranged in 2n-bit codes 
and used as the above-mentioned code group. 

In the embodiment shown in Fig. 14, 480 rows of display 
element groups are arranged in the Y-axis direction on the 
display panel 110. Hence, the numher of bits of binary code 
required to generate row addresses for each of the rows 1 to 
480 is determined by the following relation: 
512 > 480 > 256 
that is. 

2 9 > 480 > 2 6 

Thus, a binary code of length 9 hits is sufficient. 
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Hence, the supply circuit 131 can be constructed from a 
460-ary binary counter which counts Y transfer clock pulses, 
and an inverter circuit (neither shown in the figure). In Fig. 
14, address signal generation data generated by the supply 
circuit 131 includes an 9-bit binary code (n-bit; n = 9) and 
the inverted code of the same. A code with 18 bits (2n bits) 
is supplied to the control line group 132. In other words, 
the control line group 132 includes 16 control lines, on which 
are superposed 9-bit binary codes Y8 (MSB) to YO (LSB) , and 
the inverted codes Y8b (MSB) to YOb (LSB) of the same. 

As described above, in order to count Y transfer clock 
pulses (approximately 28.8 kHz), one count step for the 480- 
ary binary counter is approximately 34.7 (is, which is one 
period of the Y transfer clock, as shown in Fig. 15. The time 
required for 480 counts or one complete revolution of the 
count value of the 480-ary binary counter is approximately 
16.7 ms (approximately 34.7 vm x 480 steps), which is the time 
of one frame of the display screen. 

The combinatorial logic circuit 133 includes AND gates, 
OR gates, and other logic gate circuits, and is required on 
each row of the display panel 110. Hence, in the embodiment 
shown in Fig. 14, 480 combinatorial logic circuits are 
required, corresponding to the 480 address electrodes 113 for 
the first to 480th rows. 9-bit (n-bit; n = 9) control lines, 
from the control line group 132, are connected to each of the 
combinatorial logic circuits 133. Each of the combinatorial 
logic circuits 133 uses the code consisting of nine bits to 
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output a selection signal (i.e., an address signal) for the 
associated address electrode 113 of the display panel 110. 

The specific operation and the configuration of the 
combinatorial logic circuit 133 are further described, 
referring to the circuit diagram shown in Fig. 16. 

For the sake of description, in Fig. 16 the control line 
group 132 is limited to a binary code of 3 bits (n bits; n = 
3). In this case, the number of addresses which can be 
decoded from the address signal generation data is: 
2 n = 2 3 = 8 

That is, this is 8 rows, from the address AL1 of the 
first row represented by the 3-bit binary code "000", to the 
address ALB of the eighth row represented by the 3-bit binary 
code "111", in the circuit shown in Fig. 16, for convenience 
only two combinatorial logic circuits 133A and 133B for the 
addresses ALl and AL2 are shown; but similar combinatorial 
logic circuits are provided for the addresses AL3 to AL8, 
respectively 

In the control line group 132. a 6-bit code (2n-bit; n = 
3) consisting of the binary codes Y2 (MSB) to YO (LSB) and the 
inverted codes Y2b (MSB) to YOb (LSB) are superposed. Hence, 
as shown in Fig. 17, when decoding of address signals from row 
1 to row 8 is performed, of the 6-bit codes superposed on the 
control line group 132, three bits are always at logic level 
"1", and the remaining three bits are always "0". 

As shown in the circuit of Pig. 16, in each combinatorial 
logic circuit three diodes are connected in parallel with a 
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common anode. Each of the cathodes of the three diodes is an 
input terminal. This is a logic product circuit. Only when 
all of the three input terminals of the combinatorial logic 
circuit are at "1" are all the diodes turned off, so that the 
potential of the power supply voltage +Vcc, that is, a logic 
"1", appears via a resistance R at the common anode which Is 
the output of the combinatorial logic circuit. 

In Fig. 16. the combinatorial logic circuit 133A is the 
decoding circuit for the first row, that is, for the address 
ALL. and the combinatorial logic circuit 133B is the decoding 
circuit for the second row, that is, for the address AL2. 
Three control lines Y2b, Ylb. YOb from among the control line 
group 132 are connected to the cathodes of the three diodes 
Dll to D13 of the combinatorial logic circuit 133A, 
respectively. Similarly, three lines Y2b, Ylb, YO from among 
the control line group 132 are connected to the three cathodes 
of the combinatorial logic circuit 133B, respectively. 

As clear from the relationship between the code group and 
decoding addresses shown in Fig. 17, when decoding is 
performed at the address AL1, the logic levels of the three 
bits of Y2b, Ylb, YOb are "l", and when decoding is performed 
at the address AL2, the logic levels of the three bits Y2b, 
Ylb, YO are "1". Hence, when the code group designates one 
address, a pulse at logic level »1« is output as an address 
signal from the combinatorial logic circuit corresponding to 
the designated address to the address electrode 113. 
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in this embodiment, therefore, the address signal 
generation circuit in the display panel driving device can be 
provided using combinatorial logic circuits which can be 
configured using diodes only, without using shift registers or 
other sequential logic circuits. Consequently, amorphous 
silicon, organic semiconductors, and other semiconductor 
materials with low cost and enabling easy manufacture can be 
used as the constituent material of the display panel driving 
device . 

The substrate structure of the combinatorial logic 
circuit shown in Fig. 16 is illustrated in Fig. 18, and a 
cross sectional view along the line 19-19 in Fig. 18 is 
illustrated in Fig. 19. 

In Fig. 18 and Fig. 19, the address generation circuit 
shown in Fig. 16 is formed on the substrate 140. The 
electrical circuit formed with the substrate structure of Fig. 
18 is equivalent to the circuit shown in Fig. 16. but the 
power supply + Vcc and resistance R in Fig. 16 are omitted for 
convenience of description. It should be noted that there is 
no need for the substrate structure (substrate 140 and 
associated parts) shown in Fig. 18 to be independent from 
other parts of the driving device; for example, the substrate 
3 tructure may be formed together with display elements of the 
display panel 110 on a transparent substrate, made from a 
polymer material or the glass, of the display panel 110. 

The data control line pattern 141 for address signal 
generation (hereafter simply called "the control line pattern 
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141") physically elements each of the address signal 
generation data ccntrol lines which form the control line 
grew 132. The ccntrol line pattern 141 is a wiring pattern 
formed by evaporation deposition of. for example, a copper 
alloy, alumina alloy, or other conductive material onto the 
substrate 140. When the substrate structure shown in Fig. 18 
is formed together with display elements on the transparent 
substrate of the display panel, transparent electrodes 
utilising ITO (indium tin oxide) cr similar may be employed as 
the control line pattern 141. 

The insulating film 142 is a thin fU> of. for example, 
silicon oxide or silicon nitride, having good insulating 
properties. The insulating fU. 142 is provided in contact 
with the surface of the substrate 140 and covers the control 
line pattern 141. 

The diode functional fil. 143 is a thin HJ» having so- 
called diode functions exhibiting unidirectional conductivity. 
The diode functional fil* 143 is provided in contact with the 
insulating fil» 142, and includes a layering of a p-type 
semiconductor material layer 143A and an n-type semiconductor 
material 143B. By means of a P„ Junction defined by the p- 
type semiconductor material film 143* and the n-type 
semiconductor material film MSB. a diode is formed in the 
diode functional turn 143. with the fU> 143A being an anode 
ana the film 143B being a cathode. The material of the p-type 
semiconductor material film 143A and n-type semiconductor 
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material film 143B is, for example, amorphous silicon material, 
or organic semiconductor material. 

Methods for forming the insulating film 142 and diode 
functional film 143 on the substrate 140 include evaporation 
deposition, printing, vapor phase growth, or any other 
suitable thin film fabrication methods. The thin film 
fabrication methods best suited to the materials used in the 
insulating film 142 and diode functional film 143 may be used. 

The address electrode extension line pattern 144 
(hereafter called "the extension line pattern 144") is the 
implementation on the substrate 140 of the extension lines 
U3 a of the address electrodes 113 in the circuit of Fig. 16. 
The extension line pattern 144, similar to the control line 
pattern 141. is formed by performing evaporation deposition or 
a similar process on the diode functional film 143 of aluminum 
alloy or another conductive material. The extension line 
pattern 144 is extended, and is connected with the address 
electrodes 113 of the respective rows of the display panel 110. 

As shown in Fig. 18, the lines of the extension line 
pattern 144 perpendicularly intersect the lines of the control 
line pattern 141. As is clear from Fig. 18 and Fig. 19, the 
insulating film 142 has apertures 145 at some of intersection 
positions at which the lines of the extension line pattern 144 
and the lines of the control line pattern 141 intersect. 

Next, the operation of this embodiment is described, 
referring to Fig. 18 and Fig. 19. 
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In this e^bodi.uent. PN junction diodes, each inducing a 
p-type semiconductor .arterial film 1«» «* en n-type 
semiconductor material film H3B. axe connected between tbe 
control line pattern 14! and extension line pattern 14. at tbe 
apertures 145 of the Insulating flM !«• 

This situation can be described as follows, taxing as an 
example tbe diode Pll shown in tbe cross-sectional diagram or 
Fig. 19- 

In tbe diode Dll. tbe control line pattern 141 (.ore 

pattern 141, is connected to tbe catbode or tbe diode Pll. and 
the extension line pattern 144 is connected to tbe anode or 
the diode Oil. Each line of tbe extension line pattern 144 is 
. single wiring pattern, so tbat tbe anodes or all tbe diodes 
formed at tbe apertures 145 are connected in parallel via tbe 
assooiated line of the extension line pattern 144. 

Th e anodes of tbe diodes formed along the line of tbe 
extension line pattern 144 are all connected in parallel, as 
shown in F18. 19. example, the line of the extension line 

the anodes of the diodes Pll. W. D» are all connected in 
parallel. The cathodes of the diodes Pll. Dl». 013 are 
connected to tbe control lines V 2 b. Vlb. VOb. respective!,. 
Hence, tbe electrical circuit forced along the extension line 
pattern 144 for tbe address »1 is equivalent to tbe logic 
pro duct circuit in the combinatorial logic circuit 133, shown 
in Fig. 16- 
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In this embodiment, therefore, the circuit formed by the 
control line pattern 141. extension line pattern 144, and the 
diode functional film 143 between these two patterns at the 
apertures 145 of the insulating film 142 can be provided with 
the functions of the combinatorial logic circuit shown in Fig. 
16. Consequently, there is no longer a need to separately 
provide combinatorial logic circuits on the substrate 140. Of 
course, there would be no need to provide through-holes to 
connect such combinatorial logic circuits with the control 
line pattern 141. Thus, the substrate structure of the 
display panel driving device can be simplified and made 
compact . 

The above described second embodiment is not limited to 
the structure shown in Fig. 18 and Fig. 19; for example, as 
shown in Fig- 20, part of the control line pattern 141 may 
extend below the insulating film 142. Other modifications 
will be described next. 

A second modification of the display panel driving device 
(particularly, the substrate structure) of the second 
embodiment (Fig. 14 through Fig. 19) is described with 
reference to Fig. 21 and Fig. 22. 

Fig. 21 shows the substrate structure, and Fig. 22 shows 
a cross-sectional view along the line 22-22 in Fig. 21. 

As shown in Fig. 22, in the substrate structure of this 
modification, an n-type semiconductor material film 143B, p- 
type semiconductor material film 143A, and insulating film 142 
are deposited in order on the substrate 140. The extension 
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line pattern 144 is in contact with the p-type semiconductor 
material film 143A via the apertures 145 provided at 
prescribed positions in the insulating film 142. Consequently, 
a plurality of PN junction diodes, made by the diode 
functional film 143, are connected between the extension line 
pattern 144 and control line pattern 141 at the aperture 
portions 145. The extension line pattern 144 extends above 
the aperture portions 145, and the control line pattern 141 
extends below the aperture portions 145. 

That is, in the second modification, the order of 
layering of the insulating film 142 and diode functional film 
143 in the above-described second embodiment is interchanged. 
This is the only structural difference between this 
modification and the second embodiment, and so an explanation 
of the structure and operation of the second modification is 
omitted. 

The display panel driving device of the second embodiment 
is not limited to the above-described examples. 

For example, in any of the substrate structures shown in 
Fig. 14 to Fig. 22, the vertical positional relationship of 
the extension line pattern 144 and control line pattern 141 
may be inverted. Specifically, the extension line pattern 144 
may be provided on the substrate 140, and the control line 
pattern 141 on top, with the insulating film 142 and diode 
functional film 143 enclosed therebetween. 

Also, in Fig. 14 to Fig. 22, the diode functional film 
143 is provided over the entire upper or lower surface of the 
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insulating film 142; but the area over which the diode 
functional film 143 is provided may he limited to a prescribed 
range . 

For example, as shown in Fig. 23 and Fig. 24, the diode 
functional film 143' may be divided (segmented, stripped) 
along the respective lines of the extension line pattern 144. 
Fig. 23 illustrates when this structure is applied to the 
embodiment shown in Fig. 18, and Fig. 24 illustrates when this 
structure is applied to the modification shown in Fig. 21. 

Alternatively, as shown in Fig. 25 and Fig. 26, the diode 
functional film 143" may be provided only at and/or in the 
vicinity of the aperture portions 145 of the insulating film 
142. Fig. 25 illustrates when this structure is applied to 
the embodiment shown in Fig. 18, and Fig. 26 illustrates when 
this structure is applied to the modification shown in Fig. 21. 

In addition, a substrate structure may be used which 
combines the substrate structure shown in Fig. 23 to Fig. 26 
with a substrate structure in which the vertical positional 
relationship of the extension line pattern 144 and control 
line pattern 141 is inverted. 

Also, by de Morgan's theorem, it is known that a logic 
product based on positive logic is equal to a logic sum based 
on negative logic. Hence, the combinatorial logic circuit 
shown in Fig. 16 can be configured as shown in Fig. 27, with 
the operation as negative-logic operation. This circuit 
configuration can also be provided in the various substrat 
structures described above. However, in this case the order 
36 
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of layering of the P-type semiconductor Serial film 143A and 
the n-type semiconductor material film 143B in the diode 
function film 143 (143'. 143' ) is inverted compared with eaoh 
of the above described examples. 

Referring to Pig. 28. a third embodiment of a display 
panel driving device of the present invention will be 
described, similar reference numerals are used to designate 
similar elements and parts in the second and third embodiments. 

A3 shown in Fig. 28, a plurality of display elements 211 
are arranged in a matrix form on the surface of the display 
panel 210. Each display element 211 primarily includes a 
light-emitting element ELI, a data-writing transistor Ql. a 
light-emitting element driving transistor 02. and a storage 
capacitor Ci. The light emission operation in the light- 
emitting elements 211 in described below. 

First, the data-writing transistor Ql is turned on by a 1 
transfer pulse (address signal) superposed on an address 
alectrode 213 with prescribed timing. At this time, electric 
charge due to an X transfer pulse (data signal) superposed on 
the data electrode 212 is accumulated in the capacitor CI via 
the data-writing transistor Ql. «hen the capacitor CI has 
accumulated charge, this charge causes the gate potential of 
the driving transistor Q2 to be at a high potential, so that 
the transistor Q2 is turned on. and a driving current from the 
power supply at voltage .Vcc is supplied to the light-emitting 
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el ament ELL. thereby causing the light -emitting element ELI to 
emit light. 

Next, a display panel driving device is described. The 
display panel driving device ox the third embodiment is 
characterised by the substrate structure of the X transfer 
circuit 220. Hence, the following description only deals with 
«. configuration of the X transfer circuit 220. Lines 212a 
sending to the data electrodes 212 of the display panel 210 
are referred to as extension lines. 

Th6 x transfer circuit 220 is a data signal generation 
circuit which supplies data signals to each of the data 
electrode columns of the display panel 210. in sync with the X 
tra nsfsr eloc* signal (approximately 18.4 «Hs, supplied by the 
display panel control device (not shown,. The generated data 
signals are shown in the time chart of Pig. 29. 

As shown in Fig. 29, the X transfer circuit 220 
(hereafter, for reasons of convenience the X transfer circuit 
220 is called the data signal generation circuit, saguentially 
scans the display element groups provided across 640 columns 
f or each RGB display element of the display panel 210 at 
intervals of 34.7 „. and supplies data signals to the data 
electrodes. The above-mentioned time of 34.7 ,e presents 
the time for scanning one row (1/60 Hs * 480 rows) within one 
frame of the display screen. 

As shown in fig. 29. tha data signal generation circuit 
22 0 generates data electrode column scan pulses in sync with 
the X transfer clocX. These data electrode column scan pulses 
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are used to sample the analog signal for each RGB display 
element, so as to obtain data signals to be supplied to the 
data electrodes DL1 to DL640 for each RGB display element. 

Next, the internal configuration of the data signal 
generation circuit 220 is described in greater detail. As 
shown in Fig. 28, the data signal generation circuit 220 
includes an address line group 222 for generation of data 
signals (hereafter simply called the "address line group 222"). 
an address code supply circuit 221 which supplies address 
codes to the address line group 222 (hereafter simply called 
the "supply circuit 221"). combinatorial logic circuits 223. 
analog signal input line group 224. and data electrodes 212. 
The address codes for data signal generation are superposed on 
the address line group 222. 

The address code is a code to decode the address of a 
data electrode column which is the basis for generating the 
data electrode column scan pulses. In other words, the supply 
circuit 221 counts X transfer clock pulses using, for example, 
a prescribed binary counter, and generates pulse signals for 
each digit from 2° to 2 n as well as inverted pulse signals for 
each digit. The 2n-bit code resulting by juxtaposing these 
pulse signals is used as the address code. 

In the third embodiment shown in Fig. 28. 640 columns 
(DL1 to DL640) of data electrodes are provided for each RGB 
display element in the X-axis direction in the display panel 
210. Hence, the number of bits in the binary code necessary 
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to generate the addresses of the data electrodes DL1 to DL640 
is ten because of the following relation. 
1024 > 640 > 512 



that Is, 

2 " > 640 > 2 S 



mus. a hinary oode of length 10 bits is sufficient. 
Henoe. the supply circuit 221 can be configured using a 
640-ary binary counter (not shown) which counts X trensfer 
dock pulses and an inverter circuit (not shown,. That is. in 
the example of Fig. 26. the address code generated by the 
supply circuit 221 consists of a 10-bit (n-bit, n - 10) binary 
code and the inverted code thereof. This 20-bit (2n-bit, 
address code is supplied to the address line group 222. In 
ot her words, the address line group 222 includes 20 address 
iines on which are superposed the 10-bit hinary code X* (MSB) 
to XO (LB), and the inversion of this, X 9 b (MSB) to XOb (LSB) . 

Rs described above, the 640-ary binary counter counts the 
X transfer clock pulses (approximately 16.4 MHs), so that one 
counting step is the period of the X transfer clock, or 
approximately 54.3 ns (1/16.4 MHz) . The u- required for 640 
counts, in which the 640-ery binary counter makes a complete 
cycle, is approximately 34.7 ,s (approximately 54.3 ns x 640 
steps,, equivalent to the scan time for one row in one frame 
of the display screen. 

Tbe combinatorial logic circuit 223 includes HD gates, 
Or gates, and other logic gate circuits, ana is necessary for 
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each data electrode column of each MB display element in the 
display panel 210. Hence, in the embodiment shown in Fig. 28. 
640 (xRGB) combinatorial logic circuits 223. correaponding to 
th e 640 CXRGB) data electrode columns from DL1 to DL.40 for 
each RGB display element, are required. Tan address lines 
(10-bit address line, n . 10) from among the address line 
gr0 up 222 are connected to each of these combinatorial logic 
circuits 222. That is. each of the combinatorial logic 
circuits 223 uses the 10-bit code to generate scan pulses to 
select the data electrode 212 concerned, as shown in the til 
chart of Fig. 29, these scan pulses are used to sample the 
analog signals for each RGB display element and obtain data 
signals, which are supplied to the respective data electrodes 
212 on the display panel 210. 

The specific operation end configuration of the 
combinatorial logic circuits 223 are described further, 
referring to the circuit diagram of Fig. 30. 

in order to facilitate the explanation, in Fig. 30 the 
address line group 222 is limited to a 3-bit (n-bit, n - 3) 
binary code. X. this case, the number of addresses of the 
tat. electrode columns which can be decoded using the address 
code is; 

2 n = 2 3 = 8 

That is, it is possible to decode eight columns, from the 
d ata electrode of the first colum* (ALU represented hy the 3- 
bit binary code "000", to the data electrode of the eighth 
column (DL8 ) represented by "111". In Pig- 30, for 
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convenience only two combinatorial logic circuits, 223A and 
223B, are shown for the two data electrode columns DL1 and 
DL2; but combinatorial logic circuits similar to these are 
provided for the data electrode columns DL3 to DL8, 
respectively. 

A 6 -bit (2n-bit) address code, which is the binary code 
X2 (MSB) to XO (LSB) and the inverted code thereof X2b (MSB) 
to XOb (LSB), is superposed on the address line group 222 in 
Fig. 30. Hence, as shown in Fig. 31, when decoding the data 
electrode columns from DL1 to DLB, among the 6-bit address 
code superposed on the address line group 222, three bits will 
always be at logic level "1", and the remaining three bits 
Will always be "0" . 

As is clear from Fig. 30, each of the combinatorial logic 
circuits has four diodes on the input side one diode on the 
output side. The cathodes of the three diodes on the input 
side are for input of digital signals, and are connected to 
the address line group 222. The cathode of the remaining one 
of the input-side diodes is used for analog signal input and 
is connected to a prescribed line among the analog signal 
input line group 224. The analog signal input line group 224 
is provided corresponding to the RGB display elements, and a 
voltage representing the amplitude value of the analog signal 
is superposed for each of the RGB elements. In Fig. 30, for 
convenience in explanation only one line among the analog 
signal input line group 224 is shown. In the circuit of Fig. 
30 the cathode of the output-side diode is used for the analog 
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signal output, and is connected to the associated data 
ele ctrode 212. The anodes of the diodes are all connected in 
parallel, and the connection point of the anodes, that is, the 
common anode, is connected to the power supply voltage Vco via 
a pull-up resistance R. 

in the circuit of Fig. 30, if the threshold voltage for 
logic level "1" Is VH, the threshold voltage for logic level 
''0» is VL in the address code superposed on the address line 
group 222, and the analog signal input line voltage is Van, 
then it is assumed that the following relation is established: 
VH > Van > VL 

Further, the following relation naturally holds true 
between the power supply voltage Vcc of the combinatorial 
logic circuit and the analog signal input line voltage Van: 

Vcc > Van 

At the instant at which the digital inputs to the three 
diodes of the combinatorial logic circuit from the address 
line group 222 are all logic level "1", the three diodes are 
all turned off. On the other hand, because the cathode-side 
voltage Van is lower than the anode-side voltage Vcc, the 
analog input diode maintains the on state. 

Hence, at the above-mentioned instant, the potential of 
the common anode of the combinatorial logic circuit becomes 
the voltage Van of the analog signal input line at that time. 
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And this voltage Van is supplied to the associated data 
electrode 212 via the analog output diode. 

in the circuit shown in Fig. 30, the combinatorial logic 
circuit 223A is the decoding circuit for the first column, 
that is, the data electrode DL1, and the combinatorial logic 
circuit 223B is the decoding circuit for the second column, 
that is, the data electrode DL2. The cathodes of the diodes 
Dll to D13 of the combinatorial logic circuit 223A are 
connected to the three address lines X2b, Xlb. XOb from among 
the address line group 222. Similarly, the cathodes of the 
diodes D21 to D23 of the combinatorial logic circuit 223B are 
connected to the three address lines X2b, Xlb, X0 from among 
the address line group 222. 

As is clear from the relationship between data electrode 
addresses and address codes shown in Fig. 31, when decoding 
the data electrode DL1 address, the logic levels of the three 
bits X2b, Xlb, xOb are all M l\ and when decoding the data 
electrode DL2 address, the logic levels of the three bits X2b, 
Xlb, X0 are "1". Hence, when an address code indicates one 
address, the voltage Van of the analog signal input line is 
output as the data signal to the corresponding data electrode 
from the combinatorial logic circuit designated by the address 
code. 

in this embodiment, therefore, the data signal generation 
circuit in the display panel driving device can be provided 
using only simple combinatorial logic circuits employing 
diodes only, without using shift register circuits or sample- 
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hold circuits. Consequently, amorphous silicon, organic 
semiconductors and other semiconductor materials which are low 
in cost and facilitate manufacture can be used as constituent 
members of the display panel driving device. 

The substrate structure of the combinatorial logic 
circuit of Pig. 30 is shown in Fig. 32, and a cross -sectional 
view along the line 33-33 in Fig. 32 is shown in Fig. 33. 

In Fig- 32 and Fig. 33, the substrate 250 is the 
substrate on which is formed the circuit shown in Fig. 30. A 
combinatorial logic circuit formed with the substrate 
structure shown in Fig. 32 and Fig. 33 is equivalent to the 
circuit shown in Fig. 30. but for convenience in explanation 
the power supply voltage Vcc and pull-up resistance R are 
omitted from the drawing. Also, it should be noted that there 
is no need for the substrate structure shown in Fig. 32 to be 
separate from other parts of the driving device of the display 
panel 210 ; for example, the substrate structure may be mounted 
together with the TFT circuits for display elements on a 
transparent substrate of glass or a polymer material which 
forms the display panel 210. 

in the structural diagram of Fig. 32, the address line 
pattern for data signal generation 251 (below, simply called 
the "address line pattern 251") is the physical implementation 
of each of the address lines forming the address line group 
222. The address line pattern 251 is a wiring pattern, formed 
on the suhstrate 250 by for example evaporation deposition or 
printing of a copper alloy, aluminum alloy or other conductive 
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material. When providing the substrate structure of Fig. 32 
on the display panel 210 together with TFT circuits for 
display elements, the address line pattern 251 may be 
transparent electrodes employing ITO (indium tin oxide) or 
another suitable conductive material. 

The data electrode extension line pattern 255 (hereafter 
simply called the "extension line pattern 255") is implemented 
on the substrate 250 by extension lines 212a of data 
electrodes 212 in the circuit diagram of Fig. 30. The lines 
of the extension line pattern 255 are extended and connected 
to the data electrodes 212 of the display panel 210. The 
analog signal input line pattern 256 (hereafter simply called 
the "analog line pattern 256") is implemented on the substrate 
250 by any of the RGB analog signal input lines of the analog 
signal input line group 224. The materials and method of 
manufacture of the extension line pattern 255 and analog line 
pattern 256 are similar to those of the address line pattern 
251. 

The insulating film 252 is a thin film of, for example, 
silicon oxide or silicon nitride, having good insulating 
properties, and is provided in contact with the surface of the 
substrate 250 and covering the address line pattern 251, 
extension line pattern 255, and analog line pattern 256. 

The diode functional film 253 is a thin film having so- 
called diode functions exhibiting unidirectional conductivity. 
The diode functional film 253 is provided in contact with the 
insulating film 252, and includes a layering of a p-type 



46 



20 03$10fl 3B 17^07^ FUJIPAT TOKYO 81-3-3545-2898 



No. 1975 P. 49 



semiconductor material layer 253A and an n-type semiconductor 
material layer 253B, as shown in Fig. 33. That is, by means 
of a PN junction defined by the p-type semiconductor material 
film 253A and the n-type semiconductor material film 253B. a 
diode is formed in the diode functional film 253, with the 
253A side as an anode and the 253B side as a cathode. The 
material of the p-type semiconductor material film 253A and n- 
type semiconductor material film 253B is, for example, 
amorphous silicon material, or organic semiconductor material. 

The method for formation of the insulating film 252 and 
diode functional film 253 on the substrate 250 may be 
evaporation deposition, printing, vapor phase growth, or other 
suitable thin film fabrication methods. The thin film 
fabrication methods best suited to the materials used in the 
insulating film 252 and diode functional film 253 may be used. 

The control connection line pattern 254 (hereafter simply 
called the "connection line pattern 254") is implemented on 
the substrate 250 by the connection portion on the common 
anode side of each of the diodes of the combinatorial logic 
circuit of Fig. 30. Similar to the address line pattern 251, 
the connection line pattern 254 is formed on top of the diode 
functional film 253 from aluminum alloy or another conductive 
material. The connection line pattern 254 encloses the 
insulating film 252 and diode functional film 253, and is 
provided on the opposite side of the address line pattern 251, 
extension line pattern 255, and analog line pattern 256. 
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As shown in Fig. 32, one line of the connection line 
pattern 254 is provided for each combinatorial logic circuit, 
and the lines of the connection line pattern 254 
perpendicularly intersect the lines of the address line 
pattern 251 and the lines of the analog line pattern 256. The 
end portions of the conneotion line pattern 254 are provided 
S o as to overlap the end portions of the extension line 
pattern 255. 

*s is clear from Fig. 32 and Fig. 33. aperture portions 
257 are provided in the insulating film 252 at some of the 
intersections of the conneotion line pattern 254 and address 
line pattern 251. In addition, aperture portions 257 are 
provided in the insulating film 252 at all locations at which 
the connection line pattern 254 and analog line pattern 256 
intersect, and at which the end portions of the connection 
line pattern 254 overlap the end portions of the extension 
iine pattern 255. The insulating film 252 is removed at these 
aperture portions 257. so that electrical contact is 
established between the upper and lower patterns sandwiching 
the dicde functional film 253. That is. at the aperture 
portions 257. PN Junction diodes comprising the P-type 
semiconductor material film 253A and N-type semiconductor 
material film 253B are connected between the connection line 
pattern 254. and the address line pattern 251. analog line 
pattern 256 and extension line pattern 255. 

This situation is described as follows, using the cross- 
sectional diagram of Fig. 33. From the left side in Fig. 33. 
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first the diode D14 is formed between the connection line 
pattern 254 and the analog line pattern 256. Then, the diodes 
Dll, D12, and D13 are formed between the connection line 
pattern 254 and the address line pattern 251. On the right- 
hand edge in Fig. 33, the diode D15 is formed between the 
connection line pattern 254 and the extension line pattern 255. 

The connection line pattern 254 is connected to the 
anodes of the diodes, and the respective other patterns are 
connected to the cathodes. The connection line pattern 254 is 
a single wiring pattern, so that the anodes of the diodes 
formed at the aperture portions 257 are connected together by 
the connection line pattern 254. That is, the anodes of the 
diodes formed along each line of the connection line pattern 
254 are all connected in parallel, as shown in Fig. 33. 

For example, in Fig. 32 the line of the connection line 
pattern 254 for the data electrode DL1 forms a diode array in 
which are connected in parallel the anodes of the diodes D14. 
Dll, D12, D13, and D15. The cathodes of the diodes are 
connected to the analog line pattern 256, the lines X2b, Xlb 
and XOb of the address line pattern 251, and the data 
electrode extension line pattern 255 (DL1), respectively. 
Hence, the electrical circuit formed along the line of the 
connection line pattern 254 is equivalent to the combinatorial 
logic circuit 223A shown in Fig. 30. 

in this embodiment, therefore, the diode circuits formed 
on the substrate 250 utilizing the aperture portions 257 in 
the insulating fiUn 252 can be employed as the combinatorial 
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logic circuits shewn in Fig. 30. Conseguently, apart from the 
analog lino pattern 256. address lino pattern 251 and other 
signal patterns on the substrate 250. there is no need to 
provide combinatorial logic circuits or through-holes 
connecting these combinatorial logic circuits to the 
respective patterns. Thus, the substrate structure of the 
display driving device can be simplified and made more compact. 
This embodiment is not limited to the substrate structure 

shown in Fig. 32 and Fig. 33, for example, as shown in Fig. 34. 

the end (edge) portions o£ the address line pattern 251 are 

covered by the insulating film 252. Other modifications will 

be described below. 

A second modification of the display panel driving device 

of the third embodiment is described with reference to Fig. 35 

and Fig. 36. 

Fig. 35 illustrates the substrate structure of the 
display panel driving device of the second .edification, and 
Fig . 36 illustrates a cross -sectional view along the line 36- 
36 in Fig. 35. 

AS shown in Fig. 36. in the substrate structure of this 
modification the provision of the address line pattern 251. 
analog line pattern 256. and extension line pattern 255 on the 
substrate 250 is similar to that of the third embodiment (Fig. 
32 and Fig. 33). However, in this modification these patterns 
are covered in a different way; first an N-type semiconductor 
material film 253B is provided, and on top of this thin films 
of . P-type semiconductor material fU> 253A and an insulating 
50 
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fH. 252 ar* deposited 1» The connection line pattern 

25 4 is tnen provided on top of the insulating film 252. and 
aperture portions 257 are provided in the insulating film 252 
at prescribed positions of the intersections where these 
patterns intersect or overlap. Hence, » Junction diodes of 
«. diode functional film 253 are connected between the upper 
and lower patterns which intersect or overlap above and below 
these aperture portions 257. 

That is. in the second modification, the layering order 
„ £ the insulating film 252 and the diode functional film 253 
in the third embodiment is interchanged. This is the only 
structural difference between this modification and the third 
embodiment, and so explanations of the structure and operation 
of the second modification are omitted. 

The display panel driving device of the third embodiment 
U not limited to the above described examples (Fig. 32 to Fig. 
36). 

For instance, in the substrate structure shown in the 
third embodiment and second modification, the vertical 
positional relationship of the connection line pattern 254, 
address line pattern 251, analog line pattern 256, and 
extension line pattern 255 may be inverted. Specifically, the 
connection line pattern 254 may be provided on the substrate 

25 0. and on top of this may be formed the address line pattern 

251, analog line pattern 256 and extension line pattern 255. 
enclosing the insulating film 252 and diode functional film 

253. 
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Further, in the above explanations the diode functional 
OJ. 253 extends over the entire upper or lower surfaoe of the 
insulating film 252; but the area over which the diode 
functional f 11. 253 Is provided may be limited to a prescribed 
range . 

For example, as shown in Fig. 37 and Fig. 38, the diode 
functional film 253' may be segmented to extend along each 
line of the connection line pattern 254. Fig. 37 shows this 
structure applied to the third embodiment shown in Fig. 32; 
Fig. 3B shows a case of application to the second .edification 

shown in Fig- 35. 

alternatively, as shown in Fig. 39 and Fig. 40. the diode 
functional fita 253" may he provided only at and in the 
vicinity of the aperture portions 257 in the insulating film 
252. Fig. 39 shows this structure applied to the third 
anbodiment shown in Fig. 32, Fig. 40 shows a case of 
application to the second modification of Fig. 35. 

Further, the substrate structure shown in Fig. 37 to Fig. 
40 may be combined with a substrate structure in which the 
vertical positional relationships of the connection line 
pattern 254. address line pattern 251. analog line pattern 256. 
and extension line pattern 255 are Inverted. 

By ae Morgan's theorem, it is known that a logic product 
based on positive logic is equal to a logic sum based on 
negative logic. Hence, the combinatorial logic circuit shown 
in Fig. 30 can be configured as shown in Fig. 41. with the 
operation as negative-logic operation. This circuit 
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configuration can also be provided on the various substrate 
structures described above. In this case, the order of 
Xayering of the p-type semiconductor material fil*. 253A and 
the n-type semiconductor material film 253B of the diode 
function film 253 is inverted compared with the ahove 

described examples. 

This application is based on Japanese Patent Application 

N cs. 2002-294839 and 2002-294840. and the entire disclosures 

of these two Japanese Patent Applications ere incorporated 

herein by reference. 
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